In This study , an improved slanted Edge method was proposed . It had a High accuracy for measuring Modulation Transfer Function ( MTF"of") electro-optical imaging system. We put forward an automatic Determination of the High and low thresholdmodified Canny operator to detect the Edge points , and Edge slant angle is obtained by linear fitting to the edge points . In Process to fitting tion (modulation TTRANSFERFUNCTIORUMLF ) is evaluation photoelectric One of the key indicators of spatial frequency transfer characteristics of a system ,whose value is from diffraction effect of a photoelectric imaging system , image difference size and probe attributes are with decision [1] . MTF To verify that the system's actual
performance is close to the The design goals are very important , existing MTF test method main is divided into two categories :1) Using random target test [2 ] , This method can effectively Resolve system due to sample problem , but difficulty with target processing , Data Processing is cumbersome to restrict its application ; using fixed graphics target test [3] , main application slit targets and edge targets . Chambliss equals 1995 Year proposed slit test MTF principles and specific procedures [4] , but is a slit target that is difficult to make. , different systems need to use different narrow target , and test results should be corrected according to slit width . Tilt Edge Law has a target commonality strong , High Data sample rate , test procedure simple Benefits , widely used in various optoelectronic imaging Systems MT F test , and by international standards is 0 12233 Specify as electronic static image camera standard method for resolution test 5 . Li Tiecheng [6] , Zhao Jinping [] should The optical remote sensing load on the orbit with the tilt edge method MTF tested ; Peak etc [ 8 ] , Shaolun, etc. [9] Apply Tilt Edge method to medical imaging collar field digitization X radiographic System Performance evaluation .
to test a photoelectric imaging system using a tilt edge method MTF of Process , test procedure vulnerable to noise disturbances , Edge Tilt measurement error than large, edge spread function ( Edge spreadfunction ,ESF ) extract No
[low accuracy , to cause the system's MTF test less accurate . Zhu log, and so on TM proposed with an improved HoughTransform extract edge angle , improves operation speed , but Hough The accuracy of the transformation is subject to its parameters Effects of amount Space manual quantification ;Masaoka wait [one] propose a two-dimensional function Fitting Edge image estimation method for edge inclination of edges , This method has better anti-noise ,However, function fitting is affected by discrete pixels , make The estimation accuracy of edge dip is not high , With a large amount of calculation . ya ⑴ , and so on^2proposes a combination of Gaussian and exponential functions to fit the ESF side method ;tzannes , and so on The Slit method provides an optical line to the imaging system using a slit target Source Input , Its imaging brightness distribution function is LSF . Line light can be to view the set of point light sources along the slit direction , so PSF along the slit direction integral that is LSF, to LSF to make a Viffoury leaf transformation to to be perpendicular to slit direction MTF, Its relationship is
The Edge method of the is to provide a step for the imaging system using the edge target . 
This article method
to test a photoelectric imaging system using a tilt edge method MTF of process , precise measurement of edge inclination ,ESF The exact extraction has been the dumpingKey points and difficulties of oblique edge method . This article analyzes the base of traditional methods ,, an Improved tilt edge method is proposed to ensure edge inclination measurement volume vs . ESF Extract Accuracy , to Improve photoelectric imaging system MTF Test accuracy .
measuring method for edge inclination
The traditional tilt edge method first uses the differential edge detection operator to place the Edge image , But first order , Second-order differential edge detection operator pairs with edge detection of edges with noise , and Canny Edge Detection operator with large Snr , positioning accuracy High , single edge response good Benefits ,is an operator that is approximately optimal for step edge detection . but is , take advantage of Canny operator for edge detection , needs to artificially set the High and Low thresholds to filter edge points , set different heights for the same image thresholds have significantly different edge detections . For The Photoelectric imaging systemautomatic measurement of edge angle of edges collected by the edge image , Avoid people affect setting conditions , It is proposed to use an adaptive Canny operator for edge detection , can be based on the characteristics of the edge image automatically get the best high and low thresholds .
The best criterion for separation among different classes is the in the sense of mathematical statistics class Variance maximum or within class variance minimum , so , The specific implementation of the algorithm is the use of gradient amplitude histograms and minimizing class variance . Edges Chart The gradient amplitude of pixel grayscale in the image is divided into m level , and divide pixels into C1 . C2 . C3 three classes . Ci The represents the non-marginal pixel of the image , Corresponds to a gray degree gradient is U,/ 2 , ...,^} Pixel point ,C2 represents an image may be edge dot pixel , corresponding grayscale gradient amplitude to USi+i ,^i + 2 , ...,,} pixel of , C3 represents an edge point pixel in an image , Corresponds to a gray degree gradient is ,+ 1,, +2,...,} Pixel point . gradient Amplitude for , and for The number of pixels , The total number of pixels in the edge image is N . C1. C2 . C3 the gradient amplitude for each type of pixel is
The expressions that can be evaluated within the class are k 1
satisfies the through a search solution mm [G⑻1 times )] & 2 value , then C, C2 The total number of pixels in a total pixel percentage is high threshold , C The percentage of pixels in the that counts as a total pixel is a low threshold . using automatic determine high and low thresholds Canny edge detection operators tilt edge image convert to edge two value image , Edge position point of extraction to line , then The edge inclination is obtained by linear fitting of all the position points of the edges .
ESF Extraction Method
ESF The extraction accuracy of is related to subsequent LSF , MTF calculation accuracy , so , How to more accurately base a collection on the edge of the edge Image extraction ESF is guaranteed for MTF The test accuracy of is very heavy for . is currently , ESF The extraction methods for are mainly divided into two types of : One is a straightto work with row data in edge regions [5] ; Another is a benefit fit discrete data with function model ESF [13] . is 0 12233 pour Diagonal Edge method ESF processing is the first method , using skew The small angle between the edge and the scanning direction is formed between different scanned rows. Minor phase shift features , resolved traditional edge edge method ESF Low sampling rate question , the specific method is to fit all the pixel points in the edge region along the The edge direction of the is projected to the direction perpendicular to the edge of the blade , fetching sample interval 1/4 As the new sample interval , for each sample interval pixel grayscale values are averaged , To get an average sample ESF , its pixel projection process diagram 2 .
But in the actual photoelectric imaging system MTF During the test process because of the tilt edge image affected by noise , blind thousand disturbances , The uses the preceding ESF To extract a method , noise causes edge-spread curves to fluctuate violently , Blind meta causes edge-spread curves to appear sharp peaks , Valley , and then differential for ESF LSF amplifies noise disturbances , to cause system MT F Low test accuracy , repeat bad . so , This article chooses to take advantage of the function model fitting discrete data extraction ESF method , and change to Enter , To increase its ESF Extraction Accuracy . The function model takes a more The Fermi function for strong noise suppression , considering actual edge diffusion curves generally asymmetric , Use a linear combination of three Fermi functions to get better fit accuracy , function expression is
The specific improvement method is :
1) edges all pixels in Edge area ( Chart 2 in^axis Direction ) Project to^Axis , to the^the position on the axis is sideways superscript , with normalized grayscale values as ordinate , can get edge spread curve data point set ;
2) taking into account that the edge image of the collection is noisy , blind element effect , Edge margin diffusion [14] [15] proposed in forward Method , the Improved tilt edge method proposed in this paper has a high MTF measurement accuracy and repeat accuracy ,,respectively 0.004 9 and 0.003 1.
to parse the For each method MTF measurement accuracy edge tilt Corner , impact of noise changes , to generate two sets of tilt edge images : page 1 group Tilt Edge image SNR all 40 dB, edge angle, respectively is 5. , 10°, 15°, 20°, type , and eight space-frequency , Ruler and /. to sample for probe frequency . to eventually find the IR imaging system's MTF Curve , As shown in figure 8 .
The uses a step target to obtain a tilt edge by imaging the infrared Imaging system image , Chart 9 is the actual tilt edge chart captured by the IR imaging system like ,the dotted line contains the range selected MTF Fig. 9 The image of Slant edge 
Space Remote sensing image restoration
Usually the recovery process for remote sensing images is through the extraction of remote sensing images of the MTF to restore the system PSF , and with PSF As System degradation letter number to restore remote sensing images . so , can be used to restore remote sensing images The effect indirectly evaluates the nature of the improved tilt edge method proposed in this paper to . in the experiment, the remote sensing image of a space optical remote sensing payload is selected as the 
